Conclusion:
Transcutaneous B-mode ultrasonography of the aortic arch can help to identify heterogeneous plaques that are more likely to be associated with ischemic stroke using morphological criteria derived from studies of carotid artery plaque.
Arch Neurol. 2000; 57:81-84 P OSTMORTEM examinations 1 and transesophageal echocardiographic (TEE) studies [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] have demonstrated an association between ischemic stroke and atherosclerotic aortic arch plaque. Initial studies with TEE defined complex aortic arch plaques (CAPs) in terms of wall thickness. A correlation was found beween ischemic stroke and plaques greater than or equal to 4 mm in thickness. [9] [10] [11] Further TEE studies have suggested that the morphological features of plaque are an important factor in determining the relationship between aortic arch plaque and stroke, 12, 13 similar to the studies of carotid artery atherosclerosis performed with B-mode sonography. [14] [15] [16] [17] [18] [19] In the present study, we used a recently developed technique to image atherosclerotic plaque in the aortic arch with transcutaneous Bmode ultrasonography 20 (B-scan) to determine if the B-mode criteria that are used to identify carotid artery plaque could be applied to aortic arch plaque to help identify lesions associated with a greater risk of cerebrovascular events.
RESULTS
The distal ascending aorta, aortic arch, and proximal descending aorta were well visualized in 468 of the 500 patients. In 27 patients, only the knob of the arch could be visualized, and in 5 patients, the arch could not be visualized.
CORRELATION OF CEREBROVASCULAR RISK FACTORS WITH PLAQUE THICKNESS
There was no difference in risk factors for cerebrovascular disease, including hypertension, coronary artery disease, cholesterol levels higher than 5.95 mmol/L (Ͼ230 mg/dL) or requiring treatment, diabetes, or smoking, between patients with CAP and patients without CAP. 
ORIGINAL CONTRIBUTION

CORRELATION OF CEREBROVASCULAR SYMPTOMS WITH PLAQUE THICKNESS
Complex aortic arch plaque was identified in 104 of the 500 patients studied with B-scan. Stroke, transient ischemic attack, or amaurosis fugax occurred in 40 patients with CAP (38%). Symptoms occurred in 34% of 391 patients without CAP. The size of the CAP in either area or thickness and the mobility or irregularity of the CAP did not correlate with symptoms when analyzed by multivariate regression analysis. When patients with the coexisting risk factors of atrial fibrillation and carotid artery stenosis greater than 50% were excluded, 22 (43%) of the remaining 55 patients with CAP were symptomatic, whereas 89 (32%) of the remaining 278 patients without CAP were symptomatic (P = .08).
CORRELATION OF SYMPTOMS WITH MORPHOLOGICAL CHARACTERISTICS OF COMPLEX PLAQUE
The CAP was evaluated as to whether it was homogeneous or contained heterogeneous lucency. Patients with simple plaque were not included in this analysis, since almost all simple plaques were homogeneous. Nineteen (51%) of the 37 patients with heterogeneous plaques were symptomatic, while 21 (31%) of the 67 patients with homogeneous plaques were symptomatic (P = .04). Thus, while there was no correlation between plaque thickness and cerebrovascular symptoms, patients with heterogeneous plaques that were equal to or greater than 4 mm in thickness were at significantly greater risk for cerebrovascular events than patients with homogeneous plaques. This finding is analogous to the increased incidence of cerebrovascular symptoms ipsilateral to heterogeneous carotid artery plaque compared with homogeneous carotid artery plaque, regardless of the degree of stenosis. [14] [15] [16] [17] Patients with other possible risk factors for stroke were not excluded from the analysis. Therefore, the correlation of heterogeneous CAP with symptomatic cerebrovascular disease may represent a generalized activation of the atherosclerotic process rather than embolic events from the CAP. Further studies analyzing sequential changes in CAP in relation to symptoms will be necessary to clarify the role of aortic arch plaque as a cause of ischemic stroke.
SUBJECTS AND METHODS
SUBJECTS
Transcutaneous B-mode ultrasonography of the aortic arch was performed on 500 consecutive patients referred for clinical neurovascular evaluation, including carotid duplex ultrasonography and transcranial Doppler sonography as well as imaging of the aortic arch. All patients were evaluated by a neurologist (J.W.) at the time of the ultrasound evaluation to define whether the patient had cerebrovascular symptoms. Ischemic stroke was defined as a focal neurological deficit lasting more than 48 hours associated with signs of brain infarction in the appropriate vascular distribution on imaging studies (computed tomographic or magnetic resonance imaging scans). Focal transient ischemic attack was defined as a focal neurological deficit with symptoms directly referable to a cerebral hemisphere or brainstem structure lasting less than 24 hours. Amaurosis fugax was defined as a transient episode of monocular visual loss, usually with a shadow ascending or descending over the affected eye. The data for analysis were acquired from the official clinical reports of the neurovascular testing by investigators who had not participated in performing the testing (N.P. and A.N.). Since all the clinical evaluations were performed prior to the inception of the study, the potential for bias was limited.
Signs of cerebrovascular symptoms were present in 171 patients. The remaining patients were referred because they had a carotid artery bruit or nonspecific symptoms such as dizziness and did not have a history or clinical findings of a focal neurological deficit. These patients were included in the asymptomatic group. Other risk factors for ischemic stroke, including hypertension, coronary artery disease, cholesterol levels higher than 5.95 mmol/L (Ͼ230 mg/dL) or that required treatment, diabetes, smoking, carotid artery atherosclerosis, and atrial fibrillation or other cardioembolic source, were ascertained for each patient.
B-SCAN
Transcutaneous B-mode ultrasonography of the aortic arch was performed with a colorflow duplex Doppler instrument (model XP 128; Acuson, Mountain View, Calif) using an L7-phased array linear probe at 7.5 MHz. Doppler examination was performed at 5.0 MHz. A lateral supraclavicular approach was used to visualize the distal ascending aorta, aortic arch, andproximaldescendingaorta. 20 Intheaforementionedstudy, 20 all complex plaques visualized with TEE in the distal ascending aorta and aortic arch proximal to the origin of the left internal carotid artery were also visualized with B-scan. 20 In the present study, a total of 37 patients also underwent TEE. The sensitivity of B-scan compared with TEE was 93.75%, and the specificity was 80.95%. The positive predictive value was 78.95%, and the negative predictive value was 94.40%.
PLAQUE MORPHOLOGY
Plaques were characterized as simple if they were less than 4 mm in thickness and complex if they were greater than or equal to 4 mm in thickness as defined initially in prior TEE studies.
9-11 They were also described as sessile, crescentic, pedunculated, flat, mobile or immobile, and irregular or regular. The B-mode criteria of heterogeneous lucent plaque and homogeneous echodense plaque as described for the carotid bifurcation [14] [15] [16] [17] were also applied. In these studies, [14] [15] [16] [17] hetereogeneous lucency correlated with intraplaque thrombus, while homogeneity correlated with simple fibrous plaque and calcification 14, 21 ( Figure 1 and Figure 2 ).
STATISTICAL ANALYSIS
Univariate and multivariate analyses of cerebrovascular risk factors in relation to plaque thickness were performed using linear regression analysis with the SAS statistical package (SAS Inc, Cary, NC). Statistical comparisons of the morphological characteristics of plaque with symptoms were performed using the Fisher exact test.
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COMMENT
Complex aortic plaque in the arch of the aorta can be identified with B-scan with an accuracy that approaches that of TEE. The application of the B-mode criteria that are used for categorizing carotid artery plaques as heterogeneous or homogeneous to CAP demonstrated a significant association between heterogeneous lesions and ischemic cerebrovascular symptoms, while measurement of wall thickness alone did not. A recent study using TEE also determined that while there was a significant association between plaque thickness greater than 4 mm and stroke, hypoechoic and ulcerated aortic arch plaques had a significantly higher correlation with ischemic stroke than homogeneous dense plaques. 12 Plaque mobility may also be an important factor, 13 but there was no correlation between plaque mobility and ischemic symptoms in the present study.
Morphological examination of postsurgical surgical carotid plaque specimens has demonstrated that hypoechoic plaques are associated with intraplaque thrombus, 14, 21 which makes them more likely to cause ischemic symptoms through embolization and arterial thrombosis. [14] [15] [16] [17] [18] [19] The same may be true for aortic arch plaques. However, it cannot be assumed that the presence of a heterogeneous, hypoechoic aortic arch plaque is the cause of a particular stroke, since most strokes in patients with aortic arch plaque also involve other pathogenetic factors. 22, 23 The present study was retrospective. Prospective studies have demonstrated a greater risk of recurrent ischemic stroke in patients with CAP, but follow-up imaging of changes in plaque morphology was not performed. 10, 11, 12 Further prospective studies are planned using the noninvasive B-scan technique to correlate changes in the morphological characteristics of aortic plaque with occurrence of cerebrovascular symptoms.
The association of cerebrovascular symptoms with aortic plaque thickness of greater than 4 mm that has been demonstrated in studies using TEE was not found in this study. This observation probably reflects a difference in population. In the present study, there were more patients with generalized atherosclerotic disease identified primarily by the presence of an asymptomatic carotid bruit; therefore, a greater proportion of patients with large asymptomatic aortic arch atheroma may have been identified than in the TEE studies. The noninvasive B-scan technique for imaging aortic arch plaque may be valuable in quantifying the prevalence of aortic arch atheroma in the asymptomatic population with atherosclerotic vascular disease and in delineating the risk of future stroke in these patients.
Transcutaneous B-mode ultrasonography is a noninvasive method for visualizing aortic arch plaque that can be applied to a large patient population that would not require TEE. B-mode criteria can be used to identify heterogeneous hypoechoic plaques that are more likely to be associated with thromboemoblic events. The Bscan technique is a screening procedure that can identify aortic arch plaque in a large percentage of patients, but it cannot replace TEE to evaluate whether an aortic arch plaque is present in patients with stroke. The Bscan technique may be particularly useful in natural history studies that require sequential imaging of aortic arch plaque and may also be valuable in therapeutic trials to assess the effect of treatment on the morphological characteristics of plaque over time. A heterogeneous plaque (arrows) greater than 4 mm in thickness on the floor of the arch of the aorta, with a dense fibrous cap covering a lucent crescentic atheroma, corresponding to a type 1 lesion for carotid plaque classification. 15 The original ultrasound image has been digitally enhanced.
Figure 2.
A homogeneous plaque (x) greater than 4 mm in thickness on the floor of the arch of the aorta, corresponding to a type 3 lesion for carotid plaque classification. 15 The original ultrasound image has been digitally enhanced. The superior margin of the plaques is demarcated by a plus sign.
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